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ABSTRACT 
The use of histopathological techniques allows investigators to examine specific target organs and cells to 
determine how they are affected by exposure to environmental chemicals like pesticides. Moreover, it offers a 
means of detecting acute and chronic harmful effects of exposure in the tissues and organs of individual animals. 
In this study, histopathological alterations in the liver of post-juvenile African catfish Clarias gariepinus 
exposed to varying concentration of the commonly used herbicide glyphosate (IPA 360g/L) were used as 
biomarkers of effect, and alterations were both concentration and time specific. Cellular rupture, aggregation of 
inflammatory cells, vacuolar degeneration in the hepatocytes, focal areas of necrosis, and rupture of blood 
vessels that resulted in haemorrhage were characteristic of Glyphosate-exposed liver. The observed alterations in 
the liver of C. gariepinus further provide evidence to support the use of pathological change in fish as an 
indicator for monitoring the effect of exposure to low levels of toxicants, which are capable of altering the 
physiological profile of an organism. 




Histopathological changes have been widely used as biomarkers in the evaluation of the health of fish exposed to 
contaminants, both in the laboratory (Wester and Canton, 1991; Thophon et al., 2003) and field studies (Hinton 
et al., 1992; Schwaiger et al., 1997; Teh et al., 1997). One of the great advantages of using Histopathological 
biomarkers in environmental monitoring is that this category of biomarkers allows examining specific target 
organs, including gills, kidney and liver, that are responsible for vital functions, such as respiration, excretion 
and the accumulation and biotransformation of xenobiotics in the fish (Gernhofer et al., 2001). The liver carries 
out essential body functions including regulation of metabolism, synthesis of plasma proteins, energy storage, 
storage of certain vitamins and trace metals and transformation and excretion of steroids and detoxification of 
xenobiotics. In general, the liver is a target organ due to its large blood supply that causes significant toxicant 
exposure and accumulation, as well as its major roles in toxicant metabolism and clearance (Mohamed, (2009). 
The organ most associated with the detoxification and biotransformation process is the liver, and due to its 
function, position and blood supply (Van der Oost et al., 2003) it is also one of the organs most affected by 
contaminants in the water (Rodrigues and Fanta, 1998). Numerous categories of liver pathology are present as 
reliable biomarkers of toxic damage (Kohler, 1990; Stentiford, et al., 2003), therefore studies on liver 
histopathology in fish have increasingly been incorporated in national marine biological effects monitoring 
programs in both Europe and the USA (Lang, T., 2002; Feist et al., 2004). Myers et al., (1987), generally 
classified flatfish hepatic alterations into several distinct groups and it could be possible to rank them according 
to their relative importance as indicators of toxicant exposure. Specific nonneoplastic proliferative lesions 
including hepatocellular regeneration, bile duct hyperplasia and hepatic fibrosis, in addition to general or non-
specific degenerative alterations such as cellular necrosis, hyaline inclusion bodies comprise a second group of 
hepatic lesions. Inflammatory changes comprise a third group of liver alterations. Ultimately, inflammatory 
changes consists a third group of liver alterations, which is considered as minimal significant indicator of 
pollutant exposure group can offer more information on the general health status and condition of the fish. 
According to Negin and Mehdi (2012), liver histopathological lesions are not specific to pollutants. Fanta et al., 
(2003) reported abnormalities such as irregular shaped hepatocytes, cytoplasmic vacuolation and nucleus in a 
lateral position in the siluriform Corydoras paleatus exposed to organophosphate pesticides. Camargo and 
Martinez, (2007) observed signs of degeneration (cytoplasmic and nuclear degeneration and nuclear vacuolation) 
and focal necrosis in the liver parenchyma of fishes exposed to the water of the Cambe River, lesions which are 
more commonly associated with the exposure to metals (Please provide a reference here). Lesions including 
hepatocellular cytoplasmic vacuolization, leucocytic infiltrates, vascular congestion, necrosis and fatty 
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infiltrations were found in the liver of catfish Clarias gariepinus treated with fenvalerate (Sakr et al ., 2001) 
 
1.1.0 Materials and Methods 
 
1.1.1 Experimental fish specimen and chemicals 
 
One hundred and twenty healthy post juvenile Clarias gariepinus of both sexes with a mean weight of 
135.44±1.99 g and mean length of 28.32±0.844 cm were purchased from Osayi farms in Benin City, Edo state. 
They were kept in 60 l aquaria at 27.5s0.4 ◦C, pH 7.3, with 12:12 h photoperiod. They were left unfed in the 
first 2 days to adapt to a change in environment before feeding them with the fish diet. Laboratory aquaria were 
well aerated and provided with external filtration and a layer of gravel on the bottom. Fish were normally fed 
once a day with pelleted commercial food (Durante Aquaculture fish concentration-2mm). They were allowed to 
acclimate to captivity conditions for three weeks prior to the start of the experiment. Careful netting and 
handling was implemented to minimize stress. 
The commercial formulation of glyphosate (360 g/l-41 w.wt IPA) at four nominal concentrations 72, 54, 32 and 
18 mg/L were used for sub-lethal test and two replicates test each was done along-side the main experiment. 
These concentrations were defined taking into account the result of the range finding test. This was done in a 
static renewal assay.  
 
1.1.2 Histological Procedure 
 
Fishes were harvested after 28 days of exposure from the four nominal concentrations and the control sacrificed. 
The target organ (Liver) was removed immediately and washed in saline water to remove blood and fixed in 
aqueous Bouins’s fixative for 24 hours. They were then dehydrated through graded series of ethanol and 
embedded in parafifin wax (M.P. 58-680c). Blocks were prepared and sectioned at a thickness of 6-
7microns.The sections were deparaffinized in xylene and stained with haematoxylin-eosin (HE). Changes 
induced by glyphosate exposure in the tissue of organs were analyzed and photographed under photomicroscope 
along with control group (Humason, 1979). 
 
1.1.3 Results and Discussion. 
 
Histopathology alteration has been increasingly recognized as a valuable tool for the assessment of the impact of 
environmental pollutants on fishes (Heath, 1995; Teh et al., 1997). Liver tissues of post Juvenile African catfish 
C. gariepinus exposed to different concentrations of Glyphosate herbicides showed extensive degeneration of 
histological structure (Plate 1b-e) compared to the control (Plate 1a). Morphological changes in the liver were 
more evident in exposed animals than the control. Photomicrograph of the control liver (1a) showed a normal 
hepatic lobule showing hepatocytes and the hepatic sinusoids between the hepatocyte. Histological changes 
appear as a medium term response to sub-lethal stressors, and histology provides a rapid method to detect effects 
of irritant, especially chronic ones, in various tissue and organs (Johnson, 1993). Results of this study revealed 
that post juvenile C. gariepinus exposed to sublethal concentration of glyphosate manifested histological 
alteration in Liver and was dose and time dependent. 
The liver of post juvenile C. gariepinus exposed to varying concentration of glyphosate herbicide in this study 
showed cellular rupture, aggregation of inflammatory cells, vacuolar degeneration in the hepatocytes, focal areas 
of necrosis, rupture of blood vessel that resulted in haemorrhage. The nature of the liver damage was 
concentration dependent. The alterations observed may be attributed to direct effect of herbicide on hepatocytes, 
since the liver is the site of detoxification of all chemicals and toxins (Soufy et al., 2007). These results also 
indicate that C. gariepinus may be more sensitive species to the environmental changes because it presented 
higher incidence of liver anomalies compared with the control. The rupture of blood cells may be responsible for 
the cellular degeneration and necrosis in the liver (Mohamed, 2001). The findings of this study is also similar 
with that of Gill et al., (1991) who reported hepatic lesion including hypertrophy, vacuolization, nuclear 
pycnosis, fatty degeneration of hepatocytes in fresh water, Punctius conchonius.  
Fanta et al., (2003) reported abnormalities such as irregular shaped hepatocytes, cytoplasmic vacuolation and 
nucleus in a lateral position in the siluriform Corydoras paleatus exposed to organophosphate pesticides. Pacheco 
and Santos (2002) observed increased vacuolation of the hepatocytes as a sign of metabolic damage, perhaps 
correlated to exposure to polluted water. Camargo and Martinez (2007) observed signs of degeneration 
(cytoplasmic and nuclear degeneration and nuclear vacuolation) and the focal necrosis in the liver parenchyma of 
fishes exposed to the water of the Cambe River. Olojo et al., (2005) observed degeneration of the hepatocytes 
and focal necrosis in the liver of Clarias gariepinus exposed to lead. Anomalies such as irregular shaped 
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hepatocytes, cytoplasmic vacuolation and nucleus in a lateral position, close to the cell membrane, were also 
described in the siluriform Corydoras paleatus contaminated by organophosphate pesticides (Fanta et al., 2003). 
Pacheco and Santos (2002) described increased vacuolisation of the hepatocytes as a signal of degenerative 
process that suggests metabolic damage, possibly related to exposure to contaminated water. 
The histological changes observed in the liver of the C. gariepinus in the present study indicate that the fish were 
responding to the direct effects of the contaminant, glyphosate (360g/L) as much as to the secondary effects 
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Plate 1a: Photomicrograph of Liver of Controlled C. gariepinus showing normal histological 
structure. Hepatocytes are showed as (A) and (B). No visible lesion was observed in 
the control sample. (H & E stain x100). 
A 
B 
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Fig 1b: Photomicrograph of liver of C. 
gariepinus exposed to 72 mg/L glyphosate. 
Necrosis (A), degeneration of cells (B), Cell 
vacuolization and degeneration of hepatocyte 
(C) (H & E stain x100) 
 
Fig1 c: Photomicrograph of liver of C. 
gariepinus exposed to 54 mg/L glyphosate. 
Severe dilation of liver structure associated with 
necrosis (A), cellular vacuolization (B) and 
degeneration of hepatocyte (D) (H & E stain x100) 
Fig 1d: Photomicrograph of liver of C. gariepinus 
exposed to 32 mg/L glyphosate. High cellular 
vacuolization (A) and degeneration of hepatocyte (B) (H 
& E stain x100) 
 
Fig Plate 1d: Photomicrograph of liver of C. 
gariepinus exposed to 18 mg/L glyphosate. Cell 
vacuolization (A) and degeneration of hepatocyte (B) (H 
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